At pH 4-3 in the presence of 2 % (w/v) glucose and 13 mhi-glycine, washed cells of Saccharomyces uvurum took up and retained a maximum of about I pmol glycine per mg dry wt. A steady state was reached in which glycine influx was less than 10 % of its initial value, and was largely balanced by the rate of glycine metabolism, efflux being slow. Controlled Jysis of the plasmalemma with cytochrome c indicated that little glycine entered the main vacuole. Preliminary starvation of the yeast for 70 min in the presence of glucose without a nitrogen source led to marked changes: the initial rate of glycine uptake doubled; the amuunt of glycine retained increased to more than zpmol mg-l ; glycine entered the vacuoles causing them to swell ; and many of the cells swelled and burst. The observations indicated that the general aminoacid permease concentrated glycine by a factor of about 5 x 10* at the plasmalemma. The amount of glycine taken up was regulated by both osmotic factors and access to the vacuole.
U S A .
The standard assay medium contained 0-02 M-KCl, 2 % (wfv) glucose and 0.02 Mcitric acid adjusted to pH 4-3 with Tris. The yeast concentration was usually 4 mg dry wt ml-l, although concentrations as low as 0.01 mg dry wt ml-l were used in some experiments. Starved yeast was prepared by incubating the yeast at 30 "C in the standard assay medium for 70 min.
The intracellular water space ( ~s . E . M . ) of the washed yeast was 3-12 k 0.16 (6) pl mg-1 (dry wt). This was determined from measurements of the wet weight of packed cell pellets of the yeast (approx. 50 mg dry wt), and of the extracellular water accessible to [14qinulin. When the yeast was centrifuged for 10 min at 2000 g in polyallomer centrifuge tubes (Becknian Instruments, Glenrothes, Scotland), the extracellular water was reproducibly about 40 % of the total water.
Dzfferential extraction of the yeast. Cytochrome c destroys the yeast cytoplasmic membrane under conditions where the vacuole appears to survive, if the osmotic pressure of the solution surrounding the yeast cells is raised to about I osmolar. The vacuolar contents can then be released by lowering the osmotic pressure (Schlenk, Dainko & Svihla, 1970; Wiemken & Nurse, 1973) . In practice the yeast was first washed with 1-0 M-mannitOl sohtion. The washed cells (0.9 to I *o mg dry wt ml-l), 1.0 M-mannitol and cytochrome c (100 pg ml-l) were then stirred together at 30 "C. Because lysis of the yeast tended to increase the pH, a pH-stat (Radiometer model SBR~ISBUI /TTIh I/PHM 25, Copenhagen, Denmark) was used to control and record the additions of either 0.01 M-HCl, or of 0.01 M-acetic acid to maintain the pH at a constant value. The titration was normally complete within 10 min at pH 5, the standard value eventually selected (see Fig. 4 and Results). One portion (4 ml) of the yeast suspension was then centrifuged to give the supernatant phase (A), assumed to contain the cytoplasmic constituents of the yeast, and the cell residues. These cell residues were shocked osmotically at 30 "C by the addition of water (I ml per mg yeast). After 4 min the cell debris was removed by centrifugation. The supernatant solution obtained (€3) was assumed to contain the vacuolar contents. To determine the total amount of 14C present, a further portion (4 ml) of the yeast suspension containing cytochrome c was kept at 1 0 0 "C for 10 min. The cell debris was separated from the supernatant solution (C) by centrifugation. The 14C contents of supernatants A, B and C were assayed.
Cytochrome c from horse heart (type 111; Sigma) was used. glycine.
RESULTS

Time course of glycine uptake in the presence of glucose
(0.02 mCi mmol-I) was added to give a 13 mM solution. There followed a gradual increase in the cellular content of glycine which reached a steady value after 40 min. The initial rate of glycine uptake was 37 & 7 (9) S.D. nmol mg-l rnin-l and in the steady state the yeast contained 0.89 & 0.10 (9) S.D. pmol glycine mg-l, corresponding to about a 0.28 M solution in the cellular water. We had established previously that the 14C extracted from the yeast by hot water provided a reliable measure of cellular glycine (Eddy et aZ., 1970~). These observations were extended in the present work by showing that about 95 % of the cellular 14C was associated with free glycine and that there was a close correspondence between radiochemical and colorimetric assays of uptake. In one experiment the yeast initially contained ninhydrin-reactive material equivalent to 0.31 pmol glycine per mg dry wt cells. Using procedures which are described later, the yeast was allowed to accumulate glycine to levels of I 01 I, 1-39 and I '59 pmol mg-I as determined radiochemically. The corresponding ninhydrin assays were I -48, I -80 and I -94 pmol mg-?
Control of glycine uptake The results of experiments designed to elucidate the processes operating in the steady state are shown in Figs I and 2. During the steady state, when the cellular 14C content and hence the glycine content were approximately constant, there was an appreciable turnover of glycine, only a relatively slow efflux of glycine to the medium and a negligible incorporation of 14C into the hot water-insoluble fraction of the yeast. Figure 2 shows that the net rate of glycine transport in the steady state was much smaller than the initial rate of glycine uptake. Glycine uptake by this yeast strain can be resolved into two kinetic components having X, values of 64pm and 2.8 mM (Eddy et al., 197oa) . Figure 2 shows that when the yeast had already accumulated glycine for 60 min, the former kinetic component was virtually abolished. These results and similar observations by other workers (Kotyk et d., illustrate an important device for regulating transport in yeast, namely the substrate-induced inhibition or transinhibition (Hunter & SegeJ, 1973) of camer function, the mechanism of which appears to be complex. Possible explanations of the slow efflux of amino acids from yeast are discussed by Seaston et al. (1976) . In the steady state, the residual glycine influx from 13 mwglycine was not balanced by efflux as would be the case if accumulation were regulated by a pump-leak mechanism (Fig.   I ). Earlier work had shown a conversion of [~-~~C]glycine into 14C02 (Eddy et al., 1g7oa) .
Thus the respective rates of glycine breakdown and of the essentially unidirectional transport of the amino acid appeared to determine the intracellular concentration of glycine in the steady state. Glycine breakdown, measured as the net loss of 14C from the system, was 0.13 k 0.01 (4) S.D. pmol mg-l h-l and was independent of the average glycine content of the yeast when this was varied from 0.2 to 1-opmo1 mg-l.
Uncontrolled glycine uptake Incubating the yeast with glucose for 60min increased the subsequent rate of glycine transport (Fig. 2) . Although a further increase in rate, of the order of 10 to 15 %, took place if the yeast was starved for 2 h, a standard starvation period of 70 min was adopted.
The treatment with glucose (starvation) resulted in a number of striking changes in the properties of the system. The rate of glycine uptake from a 13 mM solution was approximately doubled to 84 k 7 (I I) S.D. nmol mg-l min-? The amount of glycine taken up Observations with the light microscope revealed that the vacuole had expanded until it appeared to fill the yeast cell, and that a large fraction of the yeast had lysed.
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We concluded that lysis of the yeast caused by, or greatly stimulated by, the large amounts of glycine accumulated gave rise to the abnormal time course of uptake seen in these experiments. Apparently the mechanism which normally served to regulate transport had failed to work effectively in the starved yeast.
Raising the osmotic pressure of the medium during the lysis phase by adding KCl, NaCl or mannitol (Fig. 3) showed that, despite the presence of a large amount of glycine in the yeast, the rate of glycine transport was not greatly diminished. Furthermore, the yeast preparations exposed to glucose and then loaded with [12C]glycine for 50 to 60 min, subsequently transported r4C]glycine at apparent rates of 30 to 40 nmol mg-l min-l. Lysis would clearly result in an underestimation of the actual transport rate in these cirmmstances.
Starved yeast labelled with rqC]glycine (1.0 to 1-3 pmol mg-l) lost W, presumably as glycine, to glycine-free media at rates ranging from 0.7 to 1-1 nmol mg-l min-l (three experiments). Glycine metabolism, estimated as the net 14C loss from the system, was about 2 nmol mg-1 min-l. In these respects the starved yeast and the fresh yeast were similar.
Swelling of the yeast
The swelling of the yeast cells which accompanied the accumulation of these large amounts of glycine was apparent in phase-contrast micrographs. Between 70 and 150 cells were measured using a travelling micrometer and the volumes of the whole cell and vacuole, corresponding to each set of experimental conditions, were calculated. The results (Table I) demonstrate that an increase in cell volume, associated with the uptake of glycine, occurred only in the starved yeast. The increases in volume of the whole cell, vacuole and, by difference, the cytoplasm were respectively, about 50 %, 130 % and 20 %. We estimate that the glycine concentration in the cellular water of the starved yeast was at least 0.45 M when the cellular glycine content was 2 pmol mg-?
Other amino acidr The uptake of other amino acids 
L-tryptophan and L-aspartate. Apart from glycine, only alanine caused clumping, swelling and lysis of the yeast but the effects were less marked than with gl ycine.
L-Lysine was exceptional. Like glycine, the rate of lysine transport from a 13 mM solution increased from 21 to 41 nmol mglmin-l when the yeast was starved for 7omin with glucose, but the amount of lysine accumulated during 2 h increased only moderately, from 1.49 to I -69 pmol mg-l. In either case lysine uptake was accompanied by a dramatic swelling of the cell (71 %) and of the vacuole (150 %) (Table I) but the yeast did not appear to lyse as readily as when swollen with glycine. Preliminary work indicated that L-arginine resembled lysine in that pronounced vacuolar swelling accompanied its absorption even though the yeast had not been starved in glucose.
Other factors influencing uncontrolled transport Transport-induced lysis was prevented by increasing the osmotic pressure of the medium either before addingglycine or during the first 10 min of uptake. Later additions of NaC1, KCl or mannitol delayed, but did not prevent, lysis (Fig. 3) . The illustrative data in Table 2 show that a high osmotic pressure lowered the amount rather than the rate of glycine uptake.
Treating the yeast with 0.3 M KC1 and glucose for 70 min, before tests with glycine under the usual experimental conditions, did not prevent uncontrolled transport. In those experiments where an osmoticum had prevented lysis, the rate of glycine transport in the steady state was 5 to 10 nmol mg-l min-l, indicating that the usual controls on entry had operated.
Ammonium ions also inhibited transport of glycine (Table 2 ) and the associated lysis of the starved yeast. The situation was complex since, to be effective, NH,Cl had to be added at least 10 min before the glycine.
Uncontrolled transport of glycine resulted only when the yeast was starved in glucose solutions. Starvation for 70 rnin without glucose lowered the rate of uptake of glycine from about 40 to 21 & 4 (4) S.D. nmol mg-l min-l and the yeast eventually took up about 0.9 pmol mg-l. The changes caused by starvation for 70 min with glucose appeared to be revenible. When such preparations were incubated without glucose for a further 30 min, the concentration of glycine by yeast 249 pmol mg-l. There was also an increase of about 20 % in the dry weight of the yeast. The absorption of glycine from a I 3 rn solution for 60 min lowered the K+ content of the starved yeast from about 0.9 pmol mg-l in the controls to about 0.6 pmol mg-l. The corresponding values at I 20 min were 0.9 and 0-4 pmol mg-l. The unstarved yeast similarly lost 0.4 pmol Kf during 120 min in the presence of glycine. Although they followed the same time course, the net loss of K+ was not stoicheiometric with respect to the amount of glycine absorbed.
Concentration ratio
The apparent loss in the starved yeast of the usual control exerted by cellular glycine on glycine influx provided an opportunity to investigate the extent to which the yeast concentrated gl ycine. The assays were complicated by the presence of impurities in the [I JTIglycine which were not concentrated by the yeast, and therefore caused the concentration ratio to be underestimated. The problem was recognized initially from the observation that in tests where substrate depletion of the medium occurred the fraction of the total radioactivity remaining was constant and was independent of the amount of carrier glycine added. Impurity levels ranging from 3.1 to 14'2 % were found by chromatography of different batches of [l*C]glycine. The [~J~Cjglycine used in the experiments shown in Table 3 contained not more than 2 % radioactive impurities according to the supplier (The Radiochemical Centre, Amersham) and 3-1 % impurities by our own assays.
Errors arising from the impurities can be minimized by working with dilute yeast suspensions, solthat theresidual [l4C]g1ycine counts in the medium at least equal the estimated count of the impurities. Table 3 shows a selection of the experimental data, the largest concentration ratio observed being about 5 x 104. While the kinetic parameters of the system did not permit the use of yeast concentrations below 0.04 mg ml-l, and there is some uncertainty (Fig. 4) . The conditions during the osmotic shock treatment were also examined. It is interesting that yeast which had not been treated with cytochrome c became sensitive to an osmotic shock when the cell preparation was incubated for 10 min in I M-mannitol at 30 "C. Sensitization did not occur at o "C. This rather surprising temperature dependence of the hyperosmotic phase of the process, which may accordingly involve enzyme action, does not appear to havebeen noted previously (Patching & Rose, 1971; Schwencke, Farfas & Rojas, 1971) . The subsequent lysis of the yeast by the osmotic shock was influenced by the temperature and composition of the shock medium. KCI, MgCl,, KH,PO, or TrislHCl increased lysis, as did prior treatment of the yeast in mannitol plus EDTA. Illustrative data are given in Table 4 . The shock-induced release of solutes was accompanied by an equivalent decrease in the rate of glycine accumulation by the yeast.
Concentration of glycine by yeast
These observations establishd conditions (Methods) which resulted in about 95 % of the endogenous amino acids, K+ or accumulated p4C]glycine each being released from the yeast cells. Extending the experiments to include yeast suspensions in mannitol, it was found that the presence of I M-mannitol lowered by 10 to 15 % the amounts of the endogenous amino acids released by the action of cytochrome c. This minor fraction of the cellular amino acids, which is assumed to be vacuolar in origin, was subsequently extracted by the osmotic shock procedure. Likewise, when the yeast contained less than 0.9 pmol r4C]glycine mg-l, only about 15 % of the radioactivity was retained by the yeast after the treatment with cytochrome c and released by the subsequent osmotic shock (Fig. 5) . However, up to 45 % of the radioactivity behaved in this fashion when the yeast contained I -0 to I -5 pmol [l*C]glycine mg-l (Fig. 5) . Control extractions of the yeast in the absence of mannitol reproducibly released go to 98 % of the cellular amino acids. The cytoplasmic and vacuolar fractions together accounted for 96 to 103 % of the total amino acids of the yeast, which suggested that when they were suspended in 1-0 M-mannitol a similar proportion of the yeast cells were damaged by cytochrome c. Microscopic examination of the cytochrome c-treated yeast cells showed no evidence of vacuolar lysis prior to their being shocked in water. Further support for the supposition that a differential extraction was achieved came from the observation that, in experiments where up to 45 % of the glycine was retained by the yeast, 92 to 96 % of the cellular K+ was released to the medium (Fig. 5) .
These results were quite unlike those reported by Wiemken & Nurse (1973) for another species of yeast, even though we varied the conditions of the extractions widely by changing the pH, temperature, concentration of cytochrome c and reaction time in an effort to reproduce their observations. Some extractions were carried out at o "C, since a low temperature is a feature of the procedure used by Wiemken & Nurse (1973) . Cytochrome c (100 pg ml-l) had no detectable effect on the yeast (I mg ml-l) 
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maximum ratio of the concentrations of cellular and extracellular glycine was probably about 4 x 104 when the extraCeUu1a.r glycine concentration was about 0-1 p~. It may be fortuitous that similar concentration ratios were observed during energy metabolism (Table  3) since the proton gradient acting across the plasmalemma was not necessarily equal to that acting in the preparations depleted of ATP. Table5 shows that during lysis with cytochrome c the glycine absorbed with protons under these conditions behaved as though it was located outside the vacuole. Assays with ninhydrin confirmed previous evidence (Eddy et d.,   1g7ob ) that the added glycine was not simply exchanging with the endogenous amino-acid pool. Hence we suggest that the proton symport mechanism concentrates glycine at the plasmalemma. (Wiemken & Durr, 1974) . In the present work about go % of the smaller endogenous pool (0.4 pmol N mg-l) was located in the non-vacuolar fraction. Taken together, these observations, which involve different yeasts grown in different ways, are inconsistent with the g e n e r u t i o n made by Boller et al. (I 979, namely that the bulk of the soluble amino acids are located in the main vacuole. Moreover, of the glycine absorbed from the environment, the fraction outside the vacuole varied from about go % to 50 % with the duration of the incubation, under conditions where lysine also entered both compartments. Endogenous glutamate, however, tended to be excluded from the vacuole (Wiemken & Diirr, 1974) . Hence we suggest that the distribution of a given amino acid between the two compartments varies not only with the nature of the amino acid and its origin but also with the physiological state of the yeast which, in turn, determines the size of the endogenous amino-acid pool (Brown & Johnson, 1970) .
DISCUSSION
Location of the glycine pump. Boller et al. (1g75), believing that the endogenous amino acids were mainly in the vacuole, recently posed the question of whether the amino-acid pumps were located in the vacuolar membrane. We have hitherto supposed that the concentration of amino acids is effected by symport mechanisms situated in the plasmalemma rather than the vacuole (Eddy & Nowacki, 1971; Seaston, et al., 1973) . The coincident absorption of protons with several amino acids (Seaston et al., 1973) is consistent with that view, as are the observations (Tables 3 and 5) which demonstrate that large gradients of glycine concentration formed in circumstances where most of the amino acid was apparently not located in the vacuole. The symport hypothesis is greatly strengthened by the finding that yeast preparations depleted of ATP utilize the proton gradient to establish ratios of glycine concentrations of similar magnitude to those shown in Table 3 (Seaston et al., 1976) .
